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,V-,\L.KYL-2-SUBST rrUTED ATP AN ALOGUES 

This invention relates to pharmaeeuticaliy useful novel compounds, processes 
for their production, pharmaceutical compositions containing them and methods of 
treatment involving their use. 
j Adenosine triphosphate (ATP) has potent pharmacological effects cm a 

vsrfety of tissues, The activity of ATP and the other extracellular adenine 
nucleotides, adenosine diphosphate (ADP) and adenosine monophosphate (AMP), 
are mediated by P r purinoceptors. However, the potency of. ATP in some tissues, 
e.g. the bladder, may be reduced due to rapid dephosphorylation, to AMP and 
is adenosine, by ecfonucieotidases present in these tissues. 

In recent studies ATP analogues which are resistant to dephosphorylation 
have been used as biological probes to investigate the Prpurinoceptors present in a 
variety of tissues: 

Cusack et at, Br. J. PfumnacoL, 1987, 90, 791-795, describe the activity of 

is 2-meihyithio-5'-adenylic acid, monoanhydride with methylenebisphosphonle add, 
2-methylthio-5'-adenylie acid, monoanhydride with dichioramethyienebisphosphome 
acid and 2-methy]thio-5'~adenylic acid, monoanhydride with difmoromethyienebis- 
phosphonie acid on the guinea pig taenia colt and urinary bladder. Stone and 
Cusack, Br. I Pharmacol, 1989, 97, 631-633, describe the use of inter alia 

» 2»methylthio-5'-adenylic acid, monoanhydride with difluorometbytenebisphosphonic 
acid in an investigation of P r purinoceptors in the rat hippocampus. Maguire and 
Satchel! in "Physiological and Regulator)' Functions of Adenosine and Adenine 
Nucleotides", Ed, EE Baer and GX Drummond, Raven Press, New York, 1979, 
p.33-43, disclose the inhibition of guinea pig taenia co!i by the compound 

25 2-ehioro-5'-adenylic acid, monoanhydride with methylenebisphosphonic acid, 

Cusack and Hourani, Nucleosides & Nucleotides, 1991, 10(5), 1019-1028, have 
also reported that 2~methylthio-5'-adenylic acid, monoanhydride with 
methylenebisphosphonic acid inhibits ADP-a-S induced platelet aggregation. 

International Patent Application WO 92/17488 (Fisons pic) discloses a 

38 number of 2-substituted ATP analogues and their activity as inhibitors of platelet 
aggregation. 

We have now found a group of novel tf-aikyl-2-substituted ATP analogues 
which exhibit pharmacological activity. 
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According to a first aspect of the present invention, there is provided a 
compound of formula I, 



wherein R 1 and R 2 independently represent hydrogen or halogen, 

R 3 and R 4 independently represent phenyl, or alky! optionally substituted 
s by one or more substituems selected from OR 5 , aikylthio C u , NR*R 7 , phenyl, 
COOK® and halogen, 

R* } R s , R 7 and R* independently represent hydrogen or alfcyl C Ms and 

X represents an acidic moiety, 

and pharmaceutical^ acceptable salts thereof, 
« Compounds of formula I may exist in tautomeric, enantiomeric and 

diastereomeric forms, all of which are included within the scope of the invention. 

According to the invention there is former provided a process for the 
preparation of compounds of formula I, and salts thereof, which comprises: 

a) reacting a compound of formula II, or a salt thereof, 



NHS 3 




HQ 



OH 
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wherein R 3 and R* are as defined above, L s represents a leaving group, and 
V represents (i) OH, or (ii) a leaving group L^, with a compound of formula III, or a 
salt thereof, 



O 

if 

X-CRW-F-OH 
OH 



50 wherein R\ R 2 and X are as defined above; followed, in the case where Y 

represents I» by hydrolysis, 

b) removal of a protecting group from a corresponding protected compound 
of formula I in which one or more of the functional groups is protected, 

and where desired or necessary convening the resultant compound of 
2$ formula % or another salt thereof, to a pharmaceutical^ acceptable salt thereof or 
vice versa. 

In process a)(i) } when Y represents OH, leaving groups which L t may 
represent include amines, for example, dialkyiamines, or saturated or unsaturated 
cyeKeammes; particular leaving groups which may be mentioned include morpholrayi, 
» imidaaolyl and triazotyl The reaction is preferably carried out in a solvent, 
preferably a dipolar aprotic solvent, for example, pyridine, dimethylfomsamide, 
acetoniirite, hexamethylphosphorictriamide, A^imeihylpropyleneurea or 
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l«meihyi*2-pyrxolidmone. The reaction may be carried out at a temperature of from 
-20 to 100° C 5 e.g. from 10 to 30°C. 

Compounds of formula U m which Y represents OH are either known or 
may be prepared using methods known to those skilled in the art, for example by 

5 techniques analogous fo those describee in International Patent Application WO 
92/17488 (Fisons pic). For example, compounds of formula II in which L, represents 
morphoimy! may be prepared from the corresponding S'-manophosphates by 
treatment with morpholine is the presence of a condensing agent $«ch as 
dfc^hayicarbodiinudc, preferably in the presence of a protie solvent or mixture of 

5B solvents such as i-butanol and water. 

In process a)(ii), when Y represents L>, leaving groups thai L ; and Lj may 
represent include halogen e.g. chlorine. L s and Lj may be different but are 
preferably the same. Compounds of formula II in which Y represents Lj may be 
prepared from the corresponding nucleoside by reaction with a phosphorviatrag agent 

is bearing three leaving groups. It, POLd^Lj; particular phosphoryiadng agents which 
may be mentioned include POClj. The resulting compound of formula II need not 
be isolated but may be reacted in sini with the compound of formula III, followed by 
hydrolysis, e.g. base catalysed hydrolysis using Na 2 C0 3 . 

The nucleosides and nucleoside S'-raonophosphates used in the preparation 

20 of the compounds of formula II are either known or may be prepared from known 
compounds using known techniques, see, for example, "Chemistry of Nucleosides and 
Nucleotides' 5 Vol, 2, Ed Leroy B. Townsend, Plenum Press 1991. 

The compounds of formula HI are either known or may be prepared from 
known compounds using known techniques as described, for example, in 

as International Patent Application WO 92/17488 (Fisons pie). 

In the above process it may be necessary for any functional groups, e.g. 
hydroxy or amino groups, present in the starting materials to be protected, thus 
process b) may involve the removal of one or more protecting groups. 

Suitable protecting groups and methods for their removal are, for example, 

& those described in "Protective Groups in Organic Synthesis'' by T, Greene and 
RG.M. Wutts, John Wiley and Sons Inc., 1991 Hydroxy groups may, for example, 
be protected by arylmethyl groups such as phenyhrsethyl, diphenyimethyl or 
triphenyhnethyl; acyj groups such as acetyl, trichloroacetyl or irifluoroacetyj; or as 
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tetrahydropyranyl derivatives. Suitable amino protecting groups include aryimetnyl 
groups such as benzyl, (R,S)-a-phenylethyt, diphenylracthyl or triphenybnethyl, and 
acyl groups such as acetyl, trichlorcaeeiyi or trifitioroacetyl Conventional methods of 
deptoteetion may be used including hydrogenous, acid or base hydrolysis, or 
s photolysis. Atylmethyl groups may, for example, be removed by bydrogenolysis in 
the presence of a metal catalyst e.g. palladium on charcoal, Tetrahydropyranyi 
groups may be cleaved by hydrolysis under acidic conditions. Acyj groups may be 
removed by hydrolysis with a base such as sodium hydroxide or potassium carbonate, 
or a group such as tricbloroacetyl may be removed by reduction with, for example, 
is zinc and acetic acid. 

The compounds of formula I, and salts thereof, may be isolated from their 
reaction mixtures using conventional techniques. 

The teachings of the documents mentioned above are herein incorporated by 
reference. 

!S Salts of the compounds of formula I may be formed by reacting the free 

acid, or a salt thereof, or the free base, or a salt or derivative thereof, with one or 
more equivalents of the appropriate base or acid. The reaction may be carried out 
m a solvent or medium in which the salt is insoluble or in a solvent in which the salt 
Is soluble, e.g. ethanol, tetrahydrofuran or diethyl ether, which may be removed in 

20 vacuo, or by freeze drying. The reaction may also be a raetathetical process or it 
may be carried out on an ion exchange resin. 

Pharmaceutical^ acceptable salts of the compounds of formula I include 
alkali metal salts, e# sodium and potassium salts; alkaline earth metal salts, e.g. 
calcium and magnesium salts; salts of the Group III elements, e.g. aluminium salts; 

25 and ammonium salts. Saks with suitable organic bases, for example, salts with 
hydroxylamine; lower alkylamines, e.g. methylamine or ethyiamine; with substituted 
lower alkylamines, e.g. hydroxy substituted alkylamines; or with monocyclic nitrogen 
heterocyclic compounds, e.g. piperidine or morphoiine; and salts with amino acids, 
e.g. with arginine, lysine etc, or an tf-alkyl derivative thereof; or with an aminosugar, 

38 e.g. Axmethyi-D-glucamine or glucosamine. The non-toxic physiologically acceptable 
salts are preferred, although other salts are also useful, e.g, in isolating or purifying 
the product. 
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The compounds of formula I may ebdifbit tautomerism, e.g. imme«enami»e 
tautomerism at the 6-position of adenine, The compounds also contain one or more 
asymmetric carbon atoms and therefore exhibit optica! and/or diastereoisomerism. 
Dlasteteoisomers may be separated using conventional techniques, e,g. 
s chromatography or fractional crystallisation. The various optical isomers may be 
isolated by separation of a raccmic or other mixture of the compounds using 
conventional e.g. fractional crystallisation or HPLC, techniques. Alternatively the 
desired optica! isomers may be made by reaction of the appropriate optically active 
starting materials under conditions which will not cause racemisation, 
«s AJkyI groups which R 3 to R* may represent include straight, branched or 

cyclic, saturated or unsaturated alley! groups. 

Halogens which R* and R 2 may represent include F, G, Br and L 

We prefer compounds in which R J and R 2 are the same. We particularly 
prefer compounds in which R l and R 2 represent O. 
ts We prefer compounds in which R 3 and R 4 represent alky! C w optionally 

substituted by one or more substituents selected from OR s , alkylthio C M , NR 6 RV 
phenyl, COOR s and halogen. 

Halogens with which R s and R 4 may be substituted include CI, Br and X, and 
especially F. 

* We particular!)' prefer compounds in which R 3 represents aikyl C tJ5 
optionally substituted by aikylthio C^. Particular alky! groups that R 3 may represent 
include propyl and butyl, and especially ethyl. Particular substituted aikyl groups that 
R J may represent include 2-(methyithio)ethyl. 

We particularly prefer compounds in which R 4 represents alkyl 

# optionally substituted by one or more, e<g. three, halogen atoms. Particular groups 
that R* may represent include propyl and 3,3,3-trifluoropropyI. 

Acidic moieties which X may represent include Bronsted-Lowry acids, i.e. 
moieties which act as proton donors. The acidic moiety may be mono- or poly-acidsc. 
Specific acidic moieties which may be mentioned include -¥{0)(OR)» -S0 3 H and 

We prefer compounds of formula I in which Z represents -P{05(OH) 2 . 
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The compounds of formula I are useful because they exhibit pharmacological 
activity w mammals. In particular, they show activity in the prevention of platelet 
aggregation. 

The potency of the compounds of formula I as inhibitors of platelet 
s aggregation may be determined from their ability to act as receptor antagonists* 
see Example X. 

The compounds may be used in any condition where platelet aggregation is 
involved. The compounds may thus act as antithrombotic agents and are indicated 
in the treatment or prophylaxis of unstable angina, thromboembolic stroke and 
is peripheral vascular disease- They are also indicated in the treatment or prophylaxis 
of the sequelae of thrombotic complications from angioplasty, thrombolysis, 
©ndarterctomy. coronary and vascular graft surgery, renal dialysis and 
cardio-pidmonary bypass. 

Further indications include the treatment or prophylaxis of disseminated 
i% intravascular coagulation, deep vein thrombosis, pre-eciampsia/eclampsta, tissue 
salvage following surgical or accidental trauma, vasculitis, arteritis, 
thromboeythaemia, ischemia and migraine. 

According to a further aspect of the invention, we therefore provide the 
compounds of formula I, as defined above, as pharmaceuticals. 
2a Further, we provide the use of a compound of formula I, or a 

pharmaoeutically acceptable salt thereof, in the manufacture of a pharmaceutical 
composition for the treatment of a condition where platelet aggregation is involved. 

The dosage to be administered will vary widely, depending on, amongst other 
factors, the particular compound of formula I employed, the mode o£ administration, 
35 the condition to be treated and its severity. However, in general a total daily dose 
of from 0.1 mg to 1090 mg may be suitable for man, which may be administered in 
divided doses e.g. up to 6 times per day, If the compound is to be administered by 
infusion then typical a typical dosage rate for man is e.g. QS ^g.kg\mm' 1 . 

The compounds will generally be administered in the form of a 
39 pharmaceutical composition. 

Thus, according to a further aspect of the invention there is provided a 
pharmaceutical composition including preferably less than 80% w/w, more preferably 
less than 50% w/w, e.g« 0.1 to 20%, of a compound of formula I, or a 



wo Mimtt vcrtGBMiQwr 
8 

pharmaceuticaify acceptable salt thereof, as defined above, in admixture with a 
pharmaceutical^ acceptable diluent or carrier. 

We also provide a process for the production of such a pharmaceutical 
composition which comprises mixing the ingredients. 
$ Examples of pharmaceutical formulations which may be used, and suitable 

diluents or carriers, are as follows: 

for intravenous injection or infusion - purified water or saline solution; 

for inhalation compositions - coarse lactose; 

for tablets, capsules and dragees - macrocrystalline cellulose, calcium 
58 phosphate, diatomacesus earth, a sugar such as lactose, dextrose or mannito], talc, 
stearic add, starch, sodium bicarbonate and/or gelatin; 

for suppositories - natural or hardened oils or waxes. 
When the compound is to be used in aqueous solution, e.g. for infusion, it 
may be necessary to incorporate other excipients. In particular there may be 
» mentioned chelating or sequestering agents, antioxidants, tonicity adjusting agents, 
g agents and buffering agents. 
Solutions containing a compound of formula i may, if desired, be 
evaporated, e.g. by freeze drying or spray drying, to give a solid composition, which 
may be reconstituted prior to use. 
as When not in solution, the compound of formula I preferably is in a form 

having a mass median diameter of from 0.01 to 10 jus. The compositions may also 
contain suitable preserving, stabilising and wetting agents, solubtusers, e.g. a 
water-soluble cellulose polymer such as hydroxypropyl methylcelJuiose, or a 
water-soluble glycol such as propylene glycol, sweetening and colouring agents and 
55 flavourings. Where appropriate, the compositions may be formulated in sustained 
release form. 

According to a further aspect of the invention, we provide a method of 
treating a condition where platelet aggregation is involved which comprises 
administering a therapeutically effective amount of a compound of formula I, as 
so defined above, to a patient suffering from such a condition. 

The compounds of the invention are advantageous in that they may produce 
fewer side effects e.g. have a reduced capacity to produce hypothermia as 
determined by the procedure of Example Y, may have advantageous duration, may 
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be less toxic, more efficacious, more potent, more stable, more easily absorbed, more 
readily cleared from the body, exhibit a broader range of activity, or have other 
xsscM pharmacological properties, when compared with compounds known from the 
prior art. 

s The invention is illustrated, but in no way limited, by the following Examples, 

in which temperatures are given in degrees Celsius. Examples are named using 
Chemical Abstracts nomenclature. 
Example 1 

.y-Bthyl'2^propv'lthio)-5 i >adenylic,acid, monoanhydride with 
jo dichiorometh ylenebis phpsphonic acid, tetrasodium salt 

9^{2,3,S-Tri-0-acetyM ( L3 S) 

and ethylamine (2.6 ml) in dioxane (30 ml) and water (30 ml) were heated in a 
sealed autoclave at 110° for 20 hours. On cooling to room temperature, evaporation 
» gave a residue which was recrystallised from ethyl acetate. Further purification by 
chromatography (SO* methanohethyl acetate, 1:15 as ciuant) gave the sub-title 
sotslpound (0.46 g> 

MS (FAB); 370 (M+H, 100%), 238 (30%). 

b) y-Ethyl^propylthioVS^adenvlic acid. mpssgmmoniom,,§a^ 

.» Phosphorus oxychloride (0.66 g) was added to a stirred solution of the 

product of step a) (0.4 g) in triethyl phosphate (12 ml) at 0\ After 4V4 hours the 
reaction mixture was poured onto iee/water (100 g) containing sodium hydrogen 
carbonate (1.45 g). After 45 min the solution was washed with ether (2 x 100 ml) 
and applied to a column of Dowex SOW X 8 (H* form). The column was washed 

25 with water until the eiuate was at pH 6, then elated with 2M ammonium hydroxide, 
LyophSisation gave the sub-title compound (032 g> 
3J F NMR $ (DP): 2.03 (s). 

c) N-Ethy WpwUhtoj^'-ateiic, acid, mgjigmjlryMde 
djchtoromethyleaebisRhfiSPjl^^ tetrasodjum, saj£ 

so The product of step b) (0,38 g) and tributylamine (0.15 g) were combined in 

a small volume of pyridine and the solution evaporated to dryness. Azeotroptc 
drying with pyridine (3 % 15 ml) followed by anhydrous ^V-dimethylformamide 
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(DMF) (2 x 15 ml) left a residue which was takes into anhydrous DMF (10 mi), 
C^rbonyldiimidazole (0,66 g) was added and the reaction left at room temperature 
for 4 hours before adding methanol (0,209 g). After 30 mm dichtoromethylene- 
bisphosphonic acid, mono(tnbutvlfinimonmrn) salt (2.09 g) in anhydrous DMF (30 

5 ml) was added and the mixture stirred at room temperature for 18 hours. Filtration 
and evaporation afforded a residue which was purified by chromatography (DEAE- 
Sephadex, tdethylammonium bicarbonate 0M to 0.6M as eiuant). LyopMisaiion 
gave the triethylammonium salt which was converted to the sodium form by 
dissolution in methanol (2 mi) and addition of sodium iodide solution (1M in 

is acetone, 30 mi). The precipitate was collected by centrifugation, washing by 
repeated suspension in acetone (4 x 40 ml) and recentrirugation. Finally the solid 
was dissolved in water and iyophilised to give the title salt as a colourless powder 
(0.25 g). 

3 IP KMR 5 (D 2 0): 9.00 (d, I * l&6Hz), 1.18 (dd, J - 18.6Hz, l* 
is 30.4Hz), -9.3S (d, J - 30.4Hz). 
Bcampl&2 

dmmmmmmm p^ p ^m aci d, tetrasodium salt 

a) ^myH^propylthio)aden^|a£ 

2a The sub-title compound was prepared according to the method of Example 

la), 

MS (FAB): 398 (M-fH*» 100%). 

b) iy»SutyI»2«(propySthio>5 -adenyli c acid, monoanhvdride with 
dichtoromenwienebisphosphonic acid, tetrasodium salt 

ss Phosphorus oxychloridc (1.39 g) was added dropwise, with cooling, to a 

solution of the product of step a) (1.8 g) in triethyl phosphate (50 ml). The resulting 
solution was stirred at room temperature for 4 hours. 

Tstmtylamme (2,16 ml) was added to a stirred suspension of dfchlaro- 
methylenebisphosphonic acid, raono(tributylaramonium) salt (5.76 g) in triethyl 

so phosphate (60 ml). After stirring at room temperature for 1 hour the resulting 
solution was added over 15 min to the solution described above. Upon stirring for a 
further 4 hours the reaction mixture was poured onto a 5% aqueous sodium 
bicarbonate solution (113 ml) then stirred for 18 hours. The resulting solution was 
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washes! with ether (4 x 50 ml) then freeze-dried Purification (Reversed-phase C l8 
silica, 4% saline followed by water as ehiani) gave the title salt as a colourless solid 
(0.69 g), 

3i P NMR S (D 2 0): 9.70 (d, J - 18.4Hz), 3.4 (dd, J - 18.4Hz, J - 30.5Hz}, 
s -9.19 (d ? J - 30.5Hz). 
Exampk„3 

The following compounds were prepared according to the method of 
Example 2, 

al iV^Prop vl-2-f propy lthioVS'-adenvlic acid, monoanhvdride. with 
so dfchsoromethvlenebisprtosphonic. acid, tetrasodium sal t 




MS (FAB): 384 (M+H + , 100%). 
it ^rPropyl^-rpropvlthio^^^adenvlie acid, monoanhvdride with 

« }i P NMR £ (D 2 0): 8.92 (d, J - 18<5Hz) t 1.07 (dd, J * 18.7Hz, J » 29.0Hz), 

-9.4 (d, J « 29.4Hz). 

b) ffikMethy^ 

I. ^ri~MethvkthvlV2-(prop vithio>adenosine 
jo MS (FAB); 384 (M+H*, 100%), 252. 

ii ^-n-MethylethvD^-r propvl thioVS^adgny^ add, monoanhvdride with 

ojch iorornethylen efa jsphpsphonic acid, diarprrjpnium salt 

Further purification of the crude product by chromatography 

(DEAE-Sephadex, ammonium bicarbonate solution, 0M to 0.6M as eiuant) gave the 
as- title salt 

3! P NMR $ (D z O): 8.71 (d, J * 18.6Hz), 0.38 (dd, J - 19,1Hz, I * 28.7Hz), 
-9.49 (d, i- 29.0Hz). 

c) A/.(^Meth oxvethviV2-fp ropvSthio>5 ? -a denvlic acid^ Qtwa^Vdrifaiai 
dichioro me thvlenebisphos phonlc acid, tetrasodium safe 

s> i /WMcth o^thvlWpr s^^ 

MS (FAB): 400 (M+H% 100%), 268. 




iV»Pro pyl-2-fp rop ylthiQ)adenosine 
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ft. y<2»MethQxvethv1V2-fpropvUhioV5'-adenyHg..agid, monoanh%&jri£jafl& 
dkhjorometlivleiieb isphosph Qnjc acid, tetrasodium salt 

*P NMR S (D,0): 9.05 (d, J « 18.7Hz), 1.44 (dd, J » 18.8Hz, J - 29.3Hz), 
.9.40 (d, I - 29.5Hz). 
5 d) iy^3Qt^ntv^fprop^MoV$'-adeMl^3£iA monoanhy dj 3&jH& 
jjcMgromethyignebisphosgtLOnic acid, tctrajgdjaffljak 
i A^CycIo peni>^ 2.r propv1thio\adenosii!e 

MS (FAB): 410 (M-rH*), 278 (100%). 
ft MQgjjgp^ moiioankvdr ;de with 

a dichjorometli v ieBebis pho s pbOBic 3_ckt tetrasodigflLSalt 

Analysis found 024.43; H:4.43; N:7.52; S:3.76%; 

C s9 Hj 4 a 2 N r 5 Na 4 0, 2 P 3 S.7H 2 0 requires 0:24.56; H:4.30; N:7.53; S:3.44%, 

e) jV-Pheny^fDropvlthmVS'-adenvUc ac id, monoanhydTide^ 
di^sSSiagt^leneblsphgsBhomc add, tc t r pQdium salt 

5 5 i ^Phenvl-2-rproMthiQMeilQ^ 

MS (FAB): 418 (M4-H*, 100%), 2?& 
it. iWhe«vl-2-fproMlttel^to>i<? acid, nm ra»hy<^,. % & 

3i P NMR 5 (DP): 8.98 (d, J « 18.3Hz), 2.70 (dd, J - 18.3Hz, J » 30.6Hz), 
» -9.89 (d, J ** 30.6Hz). 

f) jV.{2,2.2.Trifl uoroethv3V24p re^^^ 
diehloromethylgne bisphosphonic acid, tetrasD dium„ salt 



MS (FAB); 424 (M+H+), 292 (100%). 

dicMoromethvIenebisphosphonic, a d d, t e traspdmm sal 

MS (FAB): 822, 820, 818 (M-fH*), 115 (100%). 
g ) j^Mste^iMiS^ 

with dichlorQ^gtMeagbjlgllosphonic. acid, triammonfoqL&iS 
i y-(Methoxycar^ 

Analysis found C46.44; H:5.43; N:16.80; S:7.67%; 

GAJp requires 0:46.48; H;5.61; N:16.94; St?.76%. 



1 
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ii. j^ethoxvcarbonv)mfethvB'2-r,propYiih?o)-S'>a,to0c acid, monoaijhj^nde 
with dieliloromel!iyIene,bi§Bhosphonic. acid, tnamm aB MB-M 

Further purification of fee crude product by chromatography 
(DEAE-Sephadex, ammonium bicarbonate solution, OM to 0.6M as eiuant) gave the 
$ title salt. 

3 T NMR S (Dp): 9.05 (d, J - 18.7Hz), 1.44 (dd, I - 18.8Hz, J - 29.3Hi), 
-9.40 (d, J - 29.5Hz). 
h) /^rMsthvithio^ 

dichloromethylenebisphosphontc ac id, triammonium salt 

MS (FAB): 416 (M+H + , 200%). 
ii. ^2^Methyfthfc)et^ 
. d^|oj»ftylenebi8pho5p,ho|itc acid, triammomurrjjiajt 

Further purification of the crude product by chromatography 
is (DEAE-Sephadex, ammonium bicarbonate solution, OM to 0.6M as eluant) gave the 
title salt. 

*'? NMR & (D 2 0): 8.68 (d, J - 18.6Hz), 0.33 (dd, I - 18.9Hz, J - 29,0Hz), 
-9.53 (d, J - 29.0Hz). 

j) ismgysy^^ 

as monoanhvdride with dichioro methvienebi£phosphonic _add f trisodfym gait 

3, J V42-fN.N>Dimethyiflmino)ethyif2-C i pro pvithio)adeaGs M 
MS (FAB): 413 (M+H*. 100%). 

ii Mp^.WMmethvla^^ 

monoanhvdnde ^ 
« MS (FAB): 789, 787, 785 (M+H*)» 93 (100%). 

Example 4 

?-(C\'clohe^ithioV.V-ethvl-5'-adenvlic acid^jnsn gMhy dridc with 
clichlommr>hyiencpisphosphor.ic acidjejra^jimLsajt 
a) 9.f2A5-Tri>0-ac etvi-B-D-nboto 
38 Dicyclohexyi disulfide (51.5 g) and isoamyl nitrite (16.96 g) were added to a 

solution of 2-ammo-9<2,3,54ri-0-ace(yM-D-ribofuranosyl>^crdoropurine (10,0 g) in 
acetomtriie (200 ml). The solution was degassed with nitrogen then heated at 60 s for 



4 
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16 hams. The solution was concentrated and the residue purified (SiO^ ethyl 
acetate:petroIeum ether, 1:1 as ejnam) to give the sub-title compound as an orange 
gum (3.S8 g). 

MS (El): 528, 526 (M% 43 (100%), 
s b) HC^he^thio)-^-ethYH^nQ?ing 

The sub-title compound was prepared according to the method of Example 
la) using the product of step a). 

MS (FAB); 410 (M+H*, 100%). 
c) 2.-:{ r r 1 " hiiy V' 1 ^^ v ' v - ethvl ' 5 '- adenviicadd ' ntonoanhydridejwjth 
ss dieh1orometh>^enebisphos phonic scid, tetrasodium sajt 

The tide salt was prepared according to the method of Example 2b) using 
the product of step b). 

5? P NMR S (Dp): 9.85 (d, J - 18.5Hz), 3.85 (dd, J « 18.5Hz, J - 30.4Hz), 
-9.07 (4 J » 30.4Hz). 
« Bxampls 5 

iV^th^iQ^B^ 
djeMoroffle^ 

a) 2j|^-Tri0^oropropv])ihioladenmM 

A suspension of sodium hydride (60%, 1.453 g) and adenosine-2-thione 
a? monohydrate (5.35 g) in DMF (80 mi) was stirred at room temperature tor I hour 
before adding 3-chloro-l,!, 1-trifluoropropane (6,6 ml). After stirring for 5 days the 
solution was concentrated and the residue partitioned between ethyl acetate (250 ml) 
and water (150 ml). The organic phase was dried then concentrated. Purification 
(SiOj, dichtoromethane:methanoL 9tl as eluant) gave the sub-title compound as a 
as colourless solid (5,55 g), 

MS (FAB): 396 (M+H + , 100%). 

b) >y.Aeetvj>2- ff3.3,3-trifluo ropropvnthm1adenosine-2\3\5 > -tnaeetate 

Hie product of step a) (5.28 g) and anhydrous sodiom acetate (0,723 g) in 
acetic anhydride (42 ml) were stirred at 80 s for 6Vt hours. The solution was diluted 
so with water (100 mi), stirred at room temperature for 18 hours then extracted with 
dichloromethane (4 x 200 ml). The combined organic extracts were washed with 
saturated sodium bicarbonate solution (200 mi) then evaporated and the residue 



WO 94/1821* PCT/GB94/66237 
15 

chromatographed (SiO* diethyl ethenmethanol, 97:3 as eluant} to give the sub-title 
compound as a colourless foam (5.35 g). 

MS (FAB): 564 (M-fH + ) t 139 (100%). 
e) iY~Aeetvi-& T -et hvl-2 4f3,lU4ri t1u^^ 
5 The product of step b) (5.12 g) in DMF (100 ml) was added over 3 hours to 

a suspension of sodium hydride (60%, 0.443 g) in DMF (100 ml) containing ethyl 
iodide (22 ml). After stirring for 2 days the solution was evaporated and the residue 
taken into ethyl acetate (300 ml) then washed with water (3 x 100 ml). The organic 
phase was concentrated and the residue purified (SiO JS ethyl acetatetcyctohexane, 1:1 
as eluant) to give the sub-title compound as a yellow gum (4.54 g). 
MS (FAB): 592 (M+H*), 139 (100%). 

d) A f r £thyl-2-[(3,3.3-tdfln orop 

The product of step c) (4.54 g) in sodium hydroxide solution (0.1M in 
methanol, 155 ml) was heated at reflux for 30 min. On cooling to room temperature, 
i$ glacial acetic acid (0.89 ml) was added and the solution concentrated. Purification 
{BlOp dichioromethane:methanol, 95:5 as eteant) gave the sub-title compound as a 
colourless solid (2.73 g). 

MS (FAB): 424 (M+H% 100%). 

e) #42thvl-24f^ 

2o dichlommethylen«fel^ht»phoms,.acjd t ttjsodinm, salt 

The title salt was prepared according to the method of Example 2b) using 
the product of step d), 

35 P NMR S (D 2 0): 8.89 (d, J * 18.0Hz), 234 (dd, J - i&OHz, 1 « 30,0Hz), 
-9.90 (d, J 30.0Hz). 
» Example 6 

The following compounds were prepared according to the method of 
Example 2: 

a) ^./?.>Triffaoroethv^ 

mnnttanhvriridc with dichloromethvlenebisphosphonic acid, triammoniurn salt 

2*,3',5'~triacetate. 

MS (FAB): 646 (M+H*). 
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H M^g^Trifluorocthv^^^ 

MS (FAB); 478 (M-f H*), 346 (100%). 
ill y42^2-Tritel^tfasM^ 

mr^ngnbvdride with diehloromethytenebisphosphonic acid, triammonium salt 

«P NMR 6 (D 2 0): 8.82 (d, J - 18.6Hz), 0,63 (dd, J - 18,9Hz, J - 28.9Hz), 
-9.43 <<L I - 29.0Hz). 

monnaniwdride with dichlorometbyiendMS ^g p.homc a,cj, 4J aam!ll^aiali 

adeuosine-^SMrtacgMg . 

MS (FAB): 638 (M+H*), 139 (100%), 
11 A^Mg^ 

Analysis found D4G.70; H:4.82; N:14.79; S:13.60%; 

C^H^jNA^ requires 040.90; H:4.72; N:i4.92; S:13.70%. 
: hi £HHMefhyjto^ 
igra^nhydride with dit^k^omethyletiebisphosph otilc acid, trjajaamsffiimsali 

Further purification of the crude product by chromatography 
(DEAE-Sephadex, ammonium bicarbonate solution, 0M to 0.6M as eluant) gave the 
title salt, 

NMR £ (D 2 0): 8.77 (d, J = 18.7Hz), 038 (dd, J * 18.9Hz, I - 27.4Hz), 
-9.43 (d, J * 2S.8H*). 
Examp le 7 

y ^2.Methaxvetl^ 
monoanhvdride with dich lntometh ylenebisphosprionic acid ^ tetrassdjamjajt 
5 a) y.ffifeiethoxyethv ^ 

A solution of the compound of Example 5b) (4.8 g), 2-bromoetfayi methyl 
ether (1.2 ml) and potassium carbonate (1.77 g) in dry DMF (190 ml) was stirred at 
room temperature for 3 days. Further quantities of 2-bromoethyi methyl ether (12 
ml) and potassium carbonate (1,77 g) were added and the mixture stirred at 40* for 
o 24 hours. The reaction mixture was filtered and the filtrate concentrated to give an 
oil which was partitioned between ethyl acetate (200 ml) and water (200 ml). The 
organic phase was dried then concentrated. The resulting gum was dissolved in a 
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0,iM solution of sodium methogdcje In methanol (18©- mi) then heated at reflux for 45 
mia, After neutralising with acetic add the solution was concentrated and the 
residue purified (Si0 2 , dichlororaethanc:methanoL 92:8 as eluant) to give the sub-title 
compound as a colourless solid (3.41 g). 
j • MS (FAB): 454 (M+H*, 100%). 

mpncgnhvdride with dichloromethvlenebisphosphonic add, tetrasodium , sa jt 

The title salt was prepared according to the method of Example 2b) using 
the compound of step a). 
jjj 31 P NMR S (D 2 0): 9.88 (d, J - 19.0Hz), 3.8D (dd, J m 19.0Hz, J * 31.0Hz), 

-9,12 (d, J - 31,0Hz). 

^ Preparation 

Human venous blood (100 ml) was divided equally between 3 tubes, each 
containing 3.2% trisodium citrate (4 ml) as anti-coagulant. The tubes were 
centrifuged for 15 rain at 240G to obtain a platelet-rich plasma (PRP) to which 300 
ng.mr 5 prostacyclin (PGi* 3 jd-ml 4 PRP of 1/10 diln. in saline from stock 1 mgjni" 1 hi 

a, cthanol) was added to stabilize the platelets during the washing procedure. Red cell 
free PRP was obtained by centrifugation for 10 mm at 125G followed by further 
centrifugation for 15 rain at 640G. The supernatant was discarded and the platelet 
pellet resuspended in modified, calcium free, Tyrode solution [(10 ml) CFT, 
composition: Nad 137mM (8 gl ! ), NaHCO s 11.9mM (1 g.r s ), NaH 2 PG« Q.38mM 

25 (0.06 gT J ), KC1 2.86mM (1 ml of 20% soin.l 1 ), MgC^ l.OSxnM (1 ml of 10% solid" 5 ), 
dextrose 5.55mM (1 g.r')j, gassed with 95% Op% C0 2 and maintained at 37°, 
Following addition of a further 300 ngjuT* PGIj, the pooled suspension was 
centrifuged once more for 15 min at 640G. The supernatant was discarded and the 
platelets resuspended initially in 10 ml CFT with further CFT added to adjust the 

so final platelet count to Ul&.fil l , This final suspension was stored in a 60 ml syringe 
at 3 s with air excluded. 

To allow recovery from PGI r inhibition of normal function, platelets were 
used in aggregation studies no sooner than 2 hours after final rssuspension. In all 
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stages 430 jil aliquots of platelet suspension were added to siliconized aggregation 
cuvettes containing CaCI* solution (10 jd of 45raM solution, final concentration 
IraM) and stirred at 900 rpm in a PAP4 aggregometer (Biodata). Human fibrinogen 
(Sigma, F 4883) and 8-sulphophenyltheophylline (8-SPT, io block any agonist 
s activity' of compounds) were added to give final concentrations of 0.2 nag/ml (10 jil of 
.10 tng.mr 1 solution of clottabie protein in saline) and 3xlO^M (10 >d of 5.6 mg.m\ " 
solution in 6% glucose), respectively. Recording of aggregation was then started. 
Protocol 

a) Selection of submaxima) AD? concentration 

is A concentration of ADP producing a just submaxima! response was selected 

by constructing a concentration/response curve over the range 10-300pM. The 
appropriate solution of ADP was added to the aggregation cuvette in a volume of 
10 #!» 20. sun after starting the aggregation trace. Aggregation responses were 
measured using the maximum rate of change in light transmission, an index given by 

js the FAP4 slope-reader. The submaxima] concentration of ADP selected at this stage 
of the protocol was used in the subsequent assessment of antagonist potency of the 
compounds. All measurements were made in duplicate in platelets from each donor, 

b) Assessment of agonist/antagonist pot ea cy. 

5 min after starting the aggregation trace, saline or the appropriate solution 
as of test compound was added to an aggregation cuvette in a volume of 3D *tl to give a 
final concentration of 0 f 10, 100 or 1000/iM, Aggregation at this point was indicative 
of agonist activity and, if it occurred, agonist potency was estimated by comparison 
with control ADP responses obtained in a). 

If aggregation did not occur the previously selected submaximal 
25 concentration of ADP was added in a volume of 10 fd, 15 min after the test 

compound. Antagonist potency was estimated as a % inhibition of the control ADP 
response to obtain an approximate JC^. Compounds which completely inhibited fee 
ADF response at the initial concentrations were retested at a lower concentration 
range. Compounds with an IC» <10*M were also retested in the absence of 8-SPT 
3» to confirm the lack of any P, agonist activity and with a 2 min rather than a IS mm 
incubation to check whether inhibition was time dependent, 
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Representative data obtained for the compounds of formula I are reported 
as the negative logarithm of the antagonist potency {plC^) in Table h 



Example No. 


plC SG 


1 


9m ~ o is 


5 


*.t>$ i 033 


6.t 


9.14 ± GJ I 



TABLE 1 

ts Measureme nt of HvpQtfecr"lic,Actmty fo Conscious Mice 

CR/CD-1 mice (25-45 g) were used. The mice were weighed and their initial 
rectal temperature measured using a thermistor probe. Each animal was placed in a 
restraining cone and the taU vein cannuiated using a 27G hypodermic needle 
connected to a polythene cannula and taped in position > The aromal was treated 

i$ with a dose of the test compound administered as a 10 min intravenous infusion at a 
rate of 0.5 ml.kg-'.rnih 5 . Rectal temperature was measured Y% I, lYi f % 3, 4, 6 and 
24 hours after termination of the infusion. 

The mean maximum reduction in rectal temperature was plotted against 
dose for the compound and the dose required to lower temperature by 5 a was 

» determined. 
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A compound of formula E, 



X-CH i H S ~P(0}{OH)-0-P{0}(OH)- 



w 

HO OH 



wherein R ! and R 2 independently represent hydrogen or halogen, 
R 3 and R* independently represent phenyl, or alkyl C^ optionally substituted 
s by one or more suhstituenis selected from OR 1 , alkylthio Cj^ NR*R T , phenyl, 
C0GH s and halogen, 

R*, R 7 and R* independently represent hydrogen or alkyl C^, and 
X represents an acidic moiety, 
and. pharmaceutical^ acceptable salts thereof. 
50 1 A compound of formula L as claimed in Claim 1, or a pharmaceuticaiiy 
acceptable salt thereof, wherein X is -P(0}(OH) 2 » 

3, A compound of formula I, as claimed in Claim 1 or 2, or a pharmaceuticaiiy 
acceptable salt thereof, wherein R 4 is alkyl C,^ optionally substituted by halogen. 
4 A compound of formula I, as claimed in any one of the preceding claims, or 
is a pharmaceuticaiiy acceptable salt thereof, wherein R l and R 2 are CL 

5. A compound of formula I, as claimed in any one of the preceding claims;, or 
a pharmaceuticaiiy acceptable salt thereof, wherein R 3 is alkyl C h4 optionally 
substituted by alkylthio C M . 

6, A compound of formula I, as claimed m Claim 1, which is 
2s A f -Efhyl-2-{prop>ithio)~5'-adenyHc acid, monoanhydride with 

dichloromethylenebisphosphomcactd. 
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A r ~Ethyi-24(3,3>trifiuo^ acid, mone^nhydride with 

dichloromethylcnebjsphosphotiicacjd, 

^[2»(Methy]iMo)ethyl]-2~[(33,3-trifluofopropy$)ihiol-5 > -adenyliic acid, 
monoanhydride with dichJoromethytenebisphosphonic add, 
s or a pharmaceuticaify acceptable salt of any orte thereof. 

7, A compound of formula I, as claimed in Claim 1, which is 

.V-Butyl-2-(propylthio)-5'-adenylic acid, monoanhydride with 
dichloromethylenehisphasphomc acid, 

A'-Prapy^propylthioJ-S'-adenylic acid, monoanhydride with 
® dschioromelhylenebisphasphontc acid, 

N-(i -Methylethyij^^pr opyithio)-5'-adenylic acid, monoanhydride with 
dichloromethylenebisphosphonic acid s 

jV-(2-Methcx\'ethyl)-2-(propylthio)-5 s -adenylic acid, monoanhydride with 
dichloramethyienebisphosphonic acid, 
y A r -C>'ciopenty)-2-{propyithio)-5 , -adenyMc acid, monoanhydride with 

dichloros5ethylene.bisphosphonic acid, 

A^Phenyl-a^propylthio^-adenylic acid, monoanhydride with 
dichbromethylenebisphosphonieacid, 

^^^la-Trifiiioroethy^^CpropyJth^-S'-adenylic acid, monoanhydrids with 
20 cUchioromethylenehisphosphonic acid, 

A ? <Methoxyxarbonyimcthy!)-2-(propyithio)-5'-adenyiic acid, monoanhydride 
with dichloromethylenebisphosphonic acid, 

..¥-.{2-Methyithioethyi>2-(propylthio)-5"-adenyiic acid, monoanhydride with 
dichloromethylenebisphosphonlc acid, 
25 J V>[2-(N,N-Dimethylamino)ethyl]-2-(propy]thio)-5 , -adenyhcacid, 
monoanhydride with dtchloromethylenebBphosphonic acid, 

2-{Cydohexylthjo>iV-ethyl-5*-adenylic acid, monoanhydride with 
dichloromefhyienebisphosphome acid, 

A<2.2,2'Trifmoroeihyi}-2-[(33,3-trifluoropropyi)thio}-5 , -adenyiic acid, 
» monoanhydride with dichloromethyienebisphosphomc acid, 

AH2-Methoxyemy])-24(3,3>trito 
monoanhydride with dichloromethyienebisphosphomc acid, 
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or a pharroaceuticaily acceptable salt of any one thereof. 

8, A pharmaceutical composition including a compound of formula I, as 
defined in any of the preceding claims, or a pharmaceutkally acceptable salt thereof* 
in admixture with a pharmaceuticals acceptable carrier or diluent 

9, Hie use of a compound of formula I, as defined in any one of Claims 1 to 7, 
or a pharmaceutically acceptable salt thereof, in the manufacture of a pharmaceutical 
composition for the treatment of a condition where platelet aggregation is involved. 

10, A process for the preparation of a compound of formula I as defined m any- 
one of Claims 1 to 7, or a pharmaceutically acceptable salt thereof, which comprises: 

a) reacting a compound of formula IT, or a salt thereof, 



SHR 4 




wherein R 3 and R 4 are as defined above, L, represents a leaving group, and 
Y represents (i) OH, or (it) a leaving group with a compound of formula III, or a 
salt thereof, 



O 

X-CR'R 2 -P-OH 

I 

OH 



30 wherein R\ R 2 and X are as defined above; followed, in the case where Y 

represents Lj, hy hydrolysis, 

b) removal of a protecting group from a corresponding protected compound 
of formula I in which one or more of the functional groups is protected; 
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and where desired or necessary converting the resultant compound of 
formula I, or another salt thereof, to a pharmaceutically acceptable salt thereof or 
vice versa. 
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